Anisotonic media and glutamate-induced ion transport and volume responses in primary astrocyte cultures.
1. The responses of primary monolayer astrocyte cultures prepared from neonatal rat brains to hyper- and hypotonic media and to the addition of L-glutamic acid were examined as part of a systematic approach to use these cultures to obtain information on the mechanisms of the volume changes seen in astroglial cells in situ. 2. Addition of 200 mM mannitol to the medium to make it hypertonic caused cell shrinkage as measured with [14C]3-O-methyl-D-glucose, and also activated K+ and Cl- uptake measured with 86Rb+ and 36Cl- respectively. The increased ion uptake was completely inhibited by 0.1 mM bumetanide, showing that the Na+ + K+ + 2 Cl- co-transport system was being activated by cell shrinkage. 3. Studies of 86Rb+ uptake as a function of external K+ and hypertonic media showed a complex pattern. Increased bumetanide-sensitive, hypertonic-stimulated uptake of 86Rb+ was seen up to 20 mM K+0, with maximum stimulation being first reached at around 2 to 5 mM K+. At concentrations greater than 20 mM K+0 there was a further increase in bumetanide-sensitive 86Rb+ uptake, but there was no stimulation of this uptake by hypertonicity. There were also increases in bumetanide-insensitive 86Rb+ fluxes at [K+]0 higher than 20 mM that may have been due to opening of voltage-dependent K+ channels; this increased 86Rb+ flux was decreased in hypertonic medium. 4. When primary astrocyte cultures were swollen in hypotonic medium there was a rapid increase in volume as measured with [14C] 3-O-methyl-D-glucose, which then decreased in the continued presence of hypotonic medium. Thus, these cells exhibit volume regulatory decrease or RVD, as described for other cells. The possible ionic bases of this phenomenon have not yet been fully examined but the initial RVD did not appear to stimulate a furosemide-sensitive cotransport system. 5. Glutamate has been implicated as a possible endogenous effector of volume change in astrocytes. In the presence of ouabain, L-glutamate led to swelling of cultured astrocytes and increased uptake of 22Na+ and 36Cl-. It is suggested that this is due to uptake of L-glutamate with cotransport of Na+ and Cl-. Increased uptake was also seen for 86Rb+ in the absence of ouabain, and this was not seen in the absence of Na+.(ABSTRACT TRUNCATED AT 400 WORDS)